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Abstract 
The present study was conducted to compare between two treatments of wastewater processes (wastewater treatment plants 
“WWTP” and wastewater treatment by activated sludge “WWTAS”). To compare the physical and chemical parameters, water 
was analyzed at the entrance and the exit of each station. Results showed that during the study period, the average removal rates in 
the case of WWTAS were 85% for SS, 90% for filtered BOD5 and 90% for COD. While in the case of WWTP; the average removal 
rates were: 92% for SS, 88% for BOD5 and 90% for COD. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction  
The management of wastes in general and wastewater in particularly constitutes nowadays an economic, a social 
and an environmental worrying especially in the urban zones where the density of population is very high.  
Majority of African countries, after independence, have opted for the classic system of wastewater purification 
activated sludge [1, 2]. But this technological choice was unsuitable because of high costs of equipment, and the 
absence of qualified persons who insure the maintenance of this kind of station of wastewater treatment. 
Moreover, the demographic growth in those countries is so fast, purification systems, which we have to think about, 
have to be friable and modular, which is not the case in these countries. 
However, to bring solution to this problem there are known technical social and economic alternatives; they are the 
natural methods of wastewater treatment [3]. Among these methods there is wastewater treatment plant. 
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Nomenclature 
WWTP       Waste Water Treatment by Plants  
WWTAS     Waste Water Treatment by Activated Sludge  
BOD5       Biological Oxygen Demand  
COD            Chemical Oxygen Demand 
SS                Suspended Solids  
pH                Hydrogen Ion Concentration  
mg/l             milligrams per litre   
mgO2/l         milligrams of oxygen per litre   
 
The objective of the present study was to evaluate the physical and chemical purification performance of classical 
wastewater treatment by the activated sludge and wastewater treatment plants process under arid climatic conditions 
2. Materials and method  
2.1. Presentation of sites  
The two wastewater treatment stations are situated in the region of Ouargla (figure 1), which is characterized by an 
arid climate (rainfall less than 200 mm/year and evaporation of about 2600 mm/year) [4, 5]. 
The first wastewater treatment plant under study is located near a small town called Temacine(33° 01’ N and 06° 
00’ E) in Ouargla department, an area with a high environmental and archaeological value. It collects domestic 
wastewaters from the small and old village called ‘Ksar Temacine’. The second wastewater treatment by activated 
sludge under study is located near a small town called Tebesbest (33° 16’ N and 06° 04’ E) in Ouargla. It collects 
domestic wastewaters from Tebesbest, Nezla and Touggourt. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Geographical situation of Ouargla 
2.2. Sampling and measurements method  
The series were monitored for four months: August 2012, October 2012, January 2013 and March 2013 (thus one 
month of every season). The assessment involved an intensive program of sampling and analysis. Samples were taking 
every Sunday at the entrance and to the exit of every station in the morning between 8 am and 9 am, what allowed 
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following their purification capacity. Global physical chemical parameters (T°, pH and salinity) were measured in 
laboratory by pH meter of type 315i. Chemical Oxygen Demand (COD), Biological Oxygen Demand (BOD) were 
analyzed according to standard methods. Suspended solids (SS) were determined gravimetrically after filtration 
through Whatman GF/C glass fiber filters and drying at 105°C. Nitrate nitrogen, nitrite nitrogen and orthophosphate 
(OP) were determined by HACH methods (see table 1). 
Table1. Parameters and methods used in analysis 
Parameters Unites Analysis methods   
pH  pH meter de type 315i NET 
Water Temperature   (°C) pH meter de type 315i NET 
SS  (mg/l) NFT 90-105-2 [6] 
COD  (mgO2/l) NF T 90-101 [6] 
BOD5 (mgO2/l) NF EN 1899-2 [6] 
Nitrate nitrogen N-NO2-  (mg N/l) Spectrophotometer type DR/2000 
Nitrite nitrogen N-NO3-  (mg N/l) Spectrophotometer type DR/2000 
Orthophosphate P-PO43-  (mg P/l) Spectrophotometer type DR/2000 
3. Results and discussion  
3.1. Raw sewage characteristics  
Values of raw sewage characteristics at the entrance of the two stations are presented in tables 2 and 3.  
Collected values of COD and BOD5 were in the range of the tolerated values of domestic wastewater with ratio of 
COD/BOD5 equal to 1.36 for WWTP and 1.35 for WWTAS. Ratios were less than two, which mean that raw sewage 
was easily biodegradable [7]. 
Rates of variation of BOD5, COD and SS at the entrance of stations (raw sewage) for different months were 
respectively 53.3% (WWTP) 34.1% (WWTAS), 31.6% (WWTP) 20.8% (WWTAS) and 60.5% (WWTP) 33.2% 
(WWTAS) which reveals a situation of a strong variability of the raw sewage quality. The pH values were between 
7.09 and 7.41 which favorites the bacterial development necessary for biological degradation of organic pollutants. 
Table2. Raw sewage characteristics of WWTP 
Parameters Mean Interval Number of samples 
pH 7.21 7.09 - 7.38 16 
Water Temperature  (°C) 26.1 18.6 – 33.4 16 
SS (mg/l) 203,75 117-296 16 
COD (mgO2/l) 321.67 260- 380 16 
BOD5 (mgO2/l) 237 140 - 300 16 
Nitrate nitrogenN-NO2-(mgN/l) 0.05 0.02-0.13 16 
Nitrite nitrogen N-NO3-(mgN/l) 21 15.4-30 16 
Orthophosphate P-PO43-(mgP/l) 14.41 6-18 16 
Table3. Raw sewage characteristics of WWTAS 
Parameters Mean Interval Number of samples 
pH 7.3 7.18 - 7.41 16 
Water Temperature (°C) 26.25 18.15 – 34 16 
SS (mg/l) 336.29 263-393.67 16 
COD (mgO2/l) 412.58 365- 461 16 
BOD5(mgO2/l) 306.25 250 - 380 16 
Nitrate nitrogen N-NO2-(mg N/l) 0.12 0.1-0.14 16 
Nitrite nitrogen N-NO3- (mg N/l) 34.96 34.03-36.64 16 
Orthophosphate P-PO43-(mg P/l) 27.6 24.3-33 16 
Figures 2, 3 and 4 present respectively variations and removal efficiency throughout the two systems of SS, BOD5 
and COD. 
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Fig. 2 (a). Suspended solids (SS) variations and removal efficiency throughout the system (WWTAS). 
 
Fig. 2(b). Suspended solids (SS) variations and removal efficiency throughout the system (WWTP). 
The present study displayed that, the average SS values at the entrance of wastewater treatment stations were 
maximum during October 2012 for the first process and during March 2013 for the second process of purification and 
minimum during August in both processes. The number and activities of people explain these results registered at the 
entrance. During summer lot of people leave there towns and because of heat they use lot of water, that is why the 
concentration of SS is low. At the exit of stations, the registered  values were so low which gave high removal rates  
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Fig.3 (a). BOD5 variations and removal efficiency throughout the system (WWTAS).   
  
                                                   Fig.3(b). BOD5 variations and removal efficiency throughout the system (WWTP). 
Biological oxygen demand (BOD), also known as biochemical oxygen demand, is a bioassay procedure that 
measures the dissolved oxygen (DO) consumed by bacteria from the decomposition of organic matter. Human and 
animal waste in sewage is a significant contributor to elevated BOD levels. Levels of BOD can be reduced by the 
introduction of low-BOD water from rain or snowmelt. Additionally, when animals and plants die and settle on the 
bottom of the water body under conditions that permanently remove them from the water column, BOD levels can 
drop.  According to our results represented by graphs, DBO5 concentrations at the entrance of stations were up to 300 
mg of O2/l during Oct. 12, Jan. 13 (max) and Mar. 13 for the station with activated sludge and minimum during Aug 
12 (summer). On summer, organic materials did not charge water so there were low BOD5. During other months, the 
concentration of organic materials was high and by consequence, the BOD5 is high because degradation of organic 
materials as it needs anaerobic bacteria it need aerobic bacteria (so oxygen). For the second station of wastewater 
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treatment by using plant, results have shown that minimum results were during Aug. 12 and Oct. 12. In this period 
plants died and water were not highly charged by organic materials and by consequence DBO5 drop. At the exit of 
stations, the registered were so low and by consequence high removal rates.  
  
 
Fig 4(a). COD variations and removal efficiency throughout the system (WWTAS). 
 
                                               Fig 4. COD variations and removal efficiency throughout the system (WWTP). 
The chemical oxygen demand test procedure is based on the chemical decomposition of organic and inorganic 
contaminants, dissolved or suspended in water. The result of a chemical oxygen demand test indicates the amount of 
water-dissolved oxygen consumed by the contaminants, during two hours of decomposition from a solution of boiling 
potassium dichromate. The higher the chemical oxygen demand, the higher the amount of pollution in the test sample. 
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For COD, the same variations of BOD5 were observed because according to lot of studies the correlation between 
BOD5 and COD is linear and positive.  
3.2. General discussion  
Water temperatures of the final effluent in the two wastewater treatment stations were between 16 and 29,7°C. 
Those values are less than 30°C, which is the recommended value by World Health Organization and the Algerian 
standards. For the pH, values registered in the final effluent were more than 6 and less than 8, those values met in 
majority the World Health Organization requirements (6,9-9) and fully the Algerian standards (5,5-8.5) [8,9]. 
Results showed also, during the study period average, removal rates of 92% for WWTAS system and 85% for 
WWTP system for SS, 88% for WWTAS system and 90% for WWTP system for filtered BOD5, and 90% for both 
systems for COD. For COD and BOD5, removal performances in WWTAS and WWTP were relatively constant over 
the study period with ranges of (88% to 92%) and (82% to 92%), respectively. 81.25% of filtered BOD5 measures in 
both systems on the final effluent, BOD5 removal efficiency were higher than 88%. However, for SS removal 
efficiency, it indicated a wide fluctuation especially in the case of WWTP. The same fluctuation was observed on SS 
concentration on the final effluent, with a variation coefficient of 38%.  
SS reduction is similar to that found by GESBERG et al. [10] and Urbanc-Bercic [11]. Much of suspended solids 
is retained by physical filtration [12]. For the COD, reduction obtained is similar to that found by Gesberg et al, [10] 
and higher than that obtained by Urbanc-Bercic [11]. The COD reduction involves physical phenomena filtration and 
biological degradation and decomposition of the organic material due to its oxidation by bacteria. 
The higher values of SS were observed during the warm period (March) and (August), the same observation was 
done for BOD5 and COD (during August). The final effluent quality, in majority, met the Algerian quality 
requirements, i.e. suspended solids concentration <35mg per liter, biological oxygen demand concentration <35 mg 
per liter and chemical oxygen demand concentration < 120 mg per liter [8], and the WHO quality requirements (30 
mg/l for SS, 30mg/l and 90 mg/l) [9] 
The capability of systems for phosphorus removal was variable, with average removals around 35% for WWTAS 
system and 81% for WWTP system for OP. The mean residual concentrations of OP in the final effluent were 
respectively 17.8 mg/l for WWTAS system and 3 mg/l for WWTP system. The values of OP were more than the 
Algerian quality requirements (2 mg/l) [8], and WHO quality requirements (2 mg/l) [9] 
Concerning nitrate nitrogen, the average removal was up to 79% (79% for WWTAS system and 91% for WWTP 
system). For the nitrite nitrogen the average removal was also very important (75% for WWTAS system and 74% for 
WWTP system). 
Nitrite nitrogen concentrations in the final effluent were 0.03 mg/l in the WWTAS system and 0.01 mg/l in the 
WWTP system. For nitrate nitrogen, concentrations were 7.23 mg/l for WWTAS system and 1.8 mg/l for WWTP 
system. These values met the WHO requirements (less than 1 mg/l for Nitrate nitrogen and less than 50 mg/l for Nitrate 
nitrogen) [9]. 
4. Conclusion  
The study proved that the two processes (WWTP and WWTAS) could give higher organic removal efficiency, 
more than 85% for SS, more than 88% for BOD5 and more than 90% for COD. 
For the phosphorus, the removal rate was important in the case of WWTP (81%). Concerning the nitrate and the 
nitrite nitrogen, the removal rates were significant in both processes (more than 74%). 
The obtained values of different processes for different parameters: Suspended Solids, Biological Oxygen Demand, 
Chemical Oxygen Demand, Phosphorus and nitrate/nitrite Nitrogen; at the exit of the two wastewater treatment 
stations met the World Health Organization and the Algerian requirements for the rejected treated wastewater.   
The difference between the values of different parameters is due to the process used to treat wastewater. In the case 
of macro-phytes, the efficacy of wastewater treatment depends on the used plants and its cycle. For the activated 
sludge, the efficacy of process depends especially on the aerobic and anaerobic bacteria.  
 The concentration of organic material and the introduction of high or low BOD water have an effect on the 
concentration of SS, BOD5 and COD at the entrance of each station. Nevertheless, Purifying Power of the two 
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stations was so high for different parameters (SS, BOD5 and COD). 
At the exit of the two stations, the values of different parameters were so low and met, in there majority, the WHO 
and the Algerian recommendations.   
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